Soils possessing kaolin, gibbsite, goethite, and hematite particles have been found to have a natural capacity to attenuate pollution in aqueous phase. On the other hand, the hydroxyl group in soil increases anion exchange capacity under a low pH condition. The main objective of this paper was to evaluate effects of kaolin on nitrate reduction under acidic condition. In order to analyze the kaolin adsorption behaviour under various conditions, four different concentrations of nitrate, 45, 112.5, 225, and 450 mgNO 3 − /L, with a constant pH equal to 2, constant temperature equal to 25 ∘ C, and exposure period varying from 0 to 150 minutes were considered. The capacity of nitrate adsorption on kaolin has also been studied involving two well-known adsorption isotherm models, namely, Freundlich and Longmuir. The results revealed that approximately 25% of the nitrate present in the solution was adsorbed on clay kaolin. The laboratory experimental data revealed that Freundlich adsorption isotherm model was more accurate than Longmuir adsorption model in predicting of nitrate adsorption. Furthermore, the retardation factor of nitrate pollution in saturated zone has been found to be approximately 4 in presence of kaolin, which indicated that kaolin can be used for natural scavenger of pollution in the environment.
Introduction
Groundwater and soil can be polluted through various anthropogenic activities such as pesticide use and industrial processes [1] . The breaking of the ecological equilibrium between human being and the nature is the main reason of environmental contamination issue [2] . Since 1970s nitrate leaching to subsoil has become an important environmental quality and human health issue, especially due to high use of nitrogen as nutrient in agriculture [3] [4] [5] . Inorganic nitrogen is used as an essential fertilizer in intensive agriculture to produce sufficient food for growing population and food security, a substantial part of which finally infiltrates into subsurface and contaminates soil and groundwater [6] [7] [8] . Nitrate itself is relatively nontoxic, but nitrite derived by the reduction of nitrate, which can cause various human health problems such as methemoglobinemia, liver damage, and even cancers [9] . Although nitrate is highly soluble in water [10] and does not readily bind to the soil and leaches due to massive irrigation and heavy rains [11] , the movement of some anions like nitrate is retarded by variable surfacecharge of soil particles [12] [13] [14] [15] Townsend and Young [22] , the thickness of clay above the well screen has positive effect on the reduction of nitrate in groundwater. Pociene and Pocius [23] reported that (i) the amount of nitrate in clayey soil is more than sandy soil; (ii) clay and humus have impact on the leaching and concentration of nitrogen into groundwater; and (iii) relationship between the amount of clay particles and nitrogen leaching is inverse. Vulnerability of groundwater to nitrate in shallow depth tube-wells with less clay or organic
